Asthma is a common respiratory disease characterized by reversible airway obstruction and airway hypersensitivity. b 2 adrenoceptor agonists have long been widely used as agents for the treatment of asthma, and the use of b 2 adrenoceptor agonists is based on the fact that bronchial muscles are mainly controlled by b 2 adrenoceptors, whose stimulation causes bronchodilation.
In this paper we evaluated the bronchodilator effects of SPFF [2-(4-amino-3-chloro-5-trifluomethyl-phenyl)-2-tert-butylamino-ethanol chloride], a newly synthesized b b 2 adrenergic agonist in guinea pigs and rabbits, in comparison with other b b 2 adrenergic agonists, isoprenaline or salbutamol. We studied in vitro the bronchodilator effects of SPFF and isoprenaline on isolated guinea pig trachea strips with or without the precontraction of bronchocontractors (acetylcholine and histamie). The positive chronotropic effects of SPFF and isoprenaline on isolated guinea pig left atria were also tested in vitro. Potency values (pD 2 , pA 2 or ED 50 ) were determined from the cumulative concentration-response curves. The results showed that SPFF and isoprenaline dose-dependently relaxed the isolated guinea pig trachea strips and the pD 2 values of both drugs were 7.66؎0.68 and 8.79؎0.19, respectively. Moreover, we confirmed that the bronchodilator effect of SPFF was due to the activation of b b 2 adrenoceptor because this effect was easily antagonized by ICI-118551 (pA 2 Bronchorelaxation Effect on Resting Isolated Guinea Pig Trachea Strips Hartley guinea pigs of either sex weighing 355Ϯ35 g were sacrificed and the trachea strips were prepared; the preparation was then mounted under a resting tension of 2 g in an organ bath containing 10 ml of Krebs-Heinsleit solution (KH, pH 7.4) at 37°C and superfused with a gas mixture (O 2 95%, CO 2 5%).
3) The trachea strips were left for 1.5 h and KH solution was changed at 15 min intervals before SPFF or isoprenaline was accumulatively added to the bath. The maximum relaxation produced by isoprenaline (10 Ϫ6 M) was taken as 100% and dose-response curves of each drug were made.
Bronchorelaxation Effect on Precontracted Isolated Guinea Pig Trachea Strips
The isolated guinea pig trachea strips were precontracted with acetylcholine (3 mM) or histamine (5 mM). The maximum contraction induced by histamine or acetylcholine was taken as 100% and the cumulative concentration-response curves for isoprenaline (10
Ϫ7
-10 Ϫ4 M) were established. The concentration of acetylcholine and histamine used in this experiment produced 50-60% maximum response of each contractor (tested in preliminary experiments). The contact time was 20 min, enough to produce a steady level of contraction. 4) EC 50 , the concentration needed to decrease the tone of trachea strips by 50%, was obtained from the dose-response curves to express the relaxant effects of SPFF and isoprenaline.
Competitive Effect of ICI-118551 on SPFF The isolated guinea pig trachea strips were precontracted with histamine (5 mM). Following the addition of a specific b 2 adrenoceptor antagonist, ICI-118551 5) (10
Ϫ8
, 10 Ϫ7 M), SPFF was added into the organ bath accumulatively, and the maximum relaxation produced by SPFF taken as 100%; the dose-response curves of SPFF in the presence of ICI-118551 were established.
Positive Chronotropic Effect of SPFF on Isolated Guinea Pig Left Atria Left atria were isolated from freshly excised hearts of male guinea pigs (250-350 g). The preparations were suspended in an organ bath containing 20 ml Krebs solution at 37°C and superfused with 95% O 2 and 5% CO 2 under a resting tension of 0.2 g.
6) The spontaneous beating rate was measured with a heart rate counter triggered by atrial contraction. After an equilibration of 30 min, SPFF or isoprenaline was added to the organ bath accumulatively. Increases in beating rate were expressed as percentage of maximum increase caused by isoprenaline and the concentration-response curves were made. (300-350 g) were killed and the cardiac ventricle and lung were removed and homogenized in 20 volumes of ice-cold 50 mM Tris-HCl buffer (pH 7.5) using a Polytron (setting 7-8, 30 sϫ2). The homogenate was centrifuged at 1500ϫg for 10 min, and the supernatant was recentrifuged at 45000ϫg for 30 min. The pellet was homogenized using a Potter type glass Teflon homogenizer with 7-8 passes. The homogenate was centrifuged again at 45000ϫg for 20 min. The final pellet was resuspended in the above buffer and stored in liquid nitrogen until use. The above procedure was conducted at 2-4°C.
7)
The saturation experiments were performed in duplicate by incubating an aliquot of the membrane preparations (ventricle, 500 mg, lung 100 mg) with various concentrations of [ In the competition experiment, an aliquot of the membrane suspension was incubated with [ 3 H]Dihydroalprenolol (2 nM) and various concentrations of competing drug, SPFF (ventricle: 1 nM-1 mM; lung: 0.1 nM-0.1 mM) or isoprenaline (ventricle: 1 nM-1 mM; lung: 0.1 nM-10 mM). The specific binding was obtained as described above.
Protein concentration was determined using the Coomassie brilliant blue assay reagent (Jiancheng, Nanjing, China).
The Protection Effects on the Bronchospasm Induced by Histamine-Acetylcholine Aerosol in Guinea Pigs
Male Hartley guinea pigs weighing 150Ϯ30 g were put under a bell cover (4 l) and exposed to the aerosol (mixed with 2% acetylcholine and 0.1% histamine) produced by a nebulizer at a constant flow-rate of 2 ml · min Ϫ1 for 5 s. ) were dissolved in 1% CMC-Na, then administered i.g. 1 h before the aerosol exposure. The asphyxia response to the aerosol mixture was measured as latency time before collapse was developed. When asphyxia collapse did not develop within 6 min, the animals were considered "completely protected" and the latency time was taken as 6 min. Protection rates, the percentage of completely protected animals, were obtained and the ED 50 values of each compound were estimated using the Bliss method.
Konzett and Rössler Experiment in Anesthetized Rabbits Male rabbits weighing 3.2Ϯ0.6 kg were anesthetized with pentobarbital (30 mg · kg Ϫ1 , i.v.). Body temperature was maintained at 36-37°C with a heating pad and the Konzett and Rössler experiment 9) was performed. The trachea was cannulated and ventilated for 40 min Ϫ1 with a tidal air volume of 15 ml · kg Ϫ1 using a respirator. The overflow of air was measured by a flow transducer and recorded by a biosignal recording system (Ms2000, Guangdong College of Pharmacy, Guangzhou, China). Acetylcholine (30 mg · kg 
RESULTS

Bronchorelaxation Effects on Resting Isolated Guinea
Pig Trachea Strip SPFF decreased the tone of the trachea muscle at concentrations higher than 10 Ϫ10 M and reached the maximum effect at 10 Ϫ5 M (Fig. 2) . The pD 2 values of SPFF and isoprenaline were 7.66Ϯ0.68 and 8.79Ϯ0.19, respectively (95% confidence limits), which meant that SPFF was about 10 times less potent than isoprenaline.
Effect on Precontracted Isolated Guinea Pig Trachea Strips
In guinea pigs trachea strips precontracted with acetylcholine (3 mM), SPFF (10 Ϫ7 -10 Ϫ4 M) and isoprenaline (10
Ϫ9
-3ϫ10
Ϫ6 M) induced a concentration-dependent relaxation (Fig. 3) . Both drugs produced less than 100% relaxation of acetylcholine-induced contraction. The EC 50 values of SPFF and isoprenaline were 10.2Ϯ0.7 and 3.8Ϯ0.6 mM (nϭ8), respectively. Meanwhile, SPFF (10 Ϫ7 -10 Ϫ4 M) and isoprenaline (10 Ϫ9 -10 Ϫ6 M) also produced a concentrationdependent relaxation on histamine (5 mM) precontracted trachea strips (Fig. 4) . The maximum relaxation produced by both drugs was more than 100% of the histamine induced contraction, and the EC 50 values were shown to be 550Ϯ38.2 and 67.8Ϯ40.0 nM, respectively.
Competitive Effect of ICI-118551 on SPFF ICI-118551 was shown as a competitive antagonist to SPFF by 
Fig. 6. Schild Plots for the Antagonistic Effect of ICI-118551 to SPFF on Isolated Trachea of Guinea Pigs (nϭ8)
The slope of this plot was 1.02Ϯ0.05.
shifting right the dose-response curve of SPFF at low concentrations of 3ϫ10 Ϫ9 and 3ϫ10 Ϫ11 M in isolated guinea pig trachea strips (Figs. 5, 6 ). The pA 2 value of the antagonistic activity of ICI-118551 was 8.90Ϯ0.01.
Positive Chronotropic Effect on Isolated Guinea Pig Left Atria As shown in Fig. 7 , SPFF (3ϫ10
induced concentration-related increase in the beating rate of contraction on guinea pig left atria, with a pD 2 of 5.41Ϯ0.38. The positive chronotropic effect of SPFF was about 2188 times less potent than that of isoprenaline, whose pD 2 value was 8.75Ϯ0.24.
b b 1 /b b 2 Selectivity The b 1 /b 2 adrenoceptor selectivity ratio (selectivity index) was obtained from the difference between the mean pD 2 values obtained from the isolated right atria and trachea strips in guinea pigs. The selectivity index values indicated that SPFF and isoprenaline were 178 and 1.1 times more effective on the trachea than on the right atria, respectively; therefore, SPFF was considered more highly selective to b 2 adrenoceptor than isoprenaline ( (4 experiments), respectively. These data were similar to those previously reported. 11, 12) The Scatchard plots were linear and the apparent Hill coefficients were unity in both membrane preparations, indicating the absence of cooperative interactions.
Displacement curves for SPFF and isoprenaline of [ 3 H]Dihydroalprenolol binding to guinea pig lung and the ventricular membranes, which contain a relatively homogeneous population of b 2 and b 1 adrenoceptors, respectively, are depicted in Fig. 8 . The IC 50 values and overall b 2 selectivity ratios are shown in Table 2 .
Protective Effect on the Bronchospasm Induced by Histamine-Acetylcholine Aerosol As shown in Table 3 , both SPFF and salbutamol significantly prolonged the latency time of histamine and acetylcholine-induced collapse. The ED 50 of each drug was 0.32Ϯ0.05 and 2.37Ϯ0.22 mg · kg Ϫ1 , respectively, meaning that SPFF was about 7 times more potent than salbutamol in inhibiting the bronchospasm induced by bronchocontractor aerosol in conscious guinea pigs (Table  3) . a) The value of intrinsic activity was calculated as the ratio of the maximum response of each compound to the maximum response to isoprenaline; isoprenalineϭ1. 
Bronchodilation Effect on Anaesthetized Rabbits
As shown in Table 4 , intraduodenally administered SPFF and salbutamol significantly inhibited the increase of lung overflow induced intravenously by acetylcholine, but the effect of salbutamol diminished quickly 120 min after drug administration; the effect of SPFF, however, remained throughout the 240 min duration of all the experiments.
DISCUSSION
In isolated guinea pig trachea strips, the dose-response curves of SPFF were paralleled by the reference agonist, isoprenaline. The curves of SPFF were shifted right by the addition of ICI-118115, and the pA 2 value of ICI-118551 for SPFF was 8.9, which is nearly the same as that reported for the known selective b 2 -adrenoceptor agonists, fenoterol and salbutamol. 13, 14) The slope factor of the Schild plot of ICI-118551 for SPFF was almost 1.0 (1.02), indicating competitive antagonism of SPFF and ICI-118551 on the same receptor. 7) Furthermore, the intrinsic activity of SPFF in guinea pig trachea preparation was close to 1.0, indicating that SPFF behaved as a b 2 -adrenoceptor full agonist like isoprenaline.
In precontracted trachea strips, the maximum relaxant effect of SPFF was roughly equivalent to isoprenaline in both models, consistent with what was observed in normal trachea strips. But interestingly, we found that despite the fact that the concentration of histamine used in the experiment was higher than acetylcholine, the contraction effect of acetylcholine was only partially inhibited. Meanwhile, the bronchocontraction effect of histamine was completely elicited by SPFF and isoprenaline. Comparable results were also reported in the studies of other b 2 agonists. 6, 15) In the studies of the b 2 adrenoceptor selectivity of SPFF, it was found that SPFF was 2188 times less potent than isoprenaline in increasing the beating rate of isolated guinea pig left atria. As the atria positive chronotropic effect was always considered a sign of the non-selective side effect of b 2 adrenoceptor agonist, 16) we assume that SPFF had higher selectivity to b 2 adrenoceptor than isoprenaline. The b 2 selectivity indexes showed that the selectivity of SPFF to b 2 adrenoceptor was 178, about 162 times greater than that of isoprenaline (1.1), and even greater than two widely used b 2 agonists, salbutamol and terbutaline, whose selectivity index values were reported to be 17 and 18, respectively, less than that of formoterol (204). 17) To confirm the b 2 adrenoceptor selectivity of SPFF demonstrated by the functional experiments mentioned above, we also examined the affinity and selectivity of the compound for b-adrenoceptor subtypes by radioligand binding in comparison with isoprenaline. Results had showed that the specific binding in both membrane preparations was saturable, and the Scatchard analysis and hill plots indicated the validity of our experimental conditions. SPFF exhibited high affinity (IC 50 ϭ27.3 nM) in the lung membrane. Selectivity of SPFF for b 2 adrenoceptor assessed by the IC 50 (ventricle)/ IC 50 (lung) was 4.6, which was 12.8 times higher than that of isoprenaline (0.36). But SPFF exhibited relatively lower selectivity in the binding experiment than in the functional experiment. Although the reason for this disagreement is not clear, it is possible that 20% of the adrenoceptors are of b 1 subtype in lung membranes 18, 19) ; the non-selective binding of The bronchodilator effect of SPFF was further validated in vivo by bronchocontractor-induced bronchospasm and Konzett and Rössler experiment, and SPFF was found to be more potent than salbutamol in both experiments. Since the intrinsic activity values of SPFF and salbutamol obtained in isolated trachea strips were similar (0.98, 0.91, respectively), we presumed that the higher b 2 selectivity of SPFF could account for the stronger bronchodilator effect of SPFF in vivo.
SPFF also showed a longer duration of activity than that of salbutamol in rabbits. This seemed to be due to its low sensitivity to catechol-O-methyltransferase (COMT) because the chemical structure of SPFF lacks a ring hydroxyl group on the catechol nucleus 9) which will result in a longer effective plasma drug level. There may be some other possibilities to explain the longer duration of action of SPFF such as the appearance of some active metabolites, but all no other hypothesis has been validated so far.
In conclusion, SPFF was a potent and highly selective b 2 -adrenergic receptor agonist with longer duration of action.
